Structural vascular changes in hypertension: role of angiotensin II, dietary sodium supplementation, and sympathetic stimulation, alone and in combination in rats.
Elevated circulating angiotensin (Ang) II levels, dietary sodium, and sympathetic stimulation are recurrent themes of hypertension research, but their in vivo interaction in physiologically meaningful doses has not been adequately investigated. In this study, the interaction of a subpressor dose of Ang II (50 ng. kg(-1). min(-1) SC), 2% NaCl diet, and sympathetic stimulation in the form of overnight cold exposure was investigated in the development of hypertension and of structural vascular changes in male Sprague-Dawley rats. There were 8 experimental groups: sham operation and treatment (control), Ang II, 2% NaCl diet, cold exposure (5 degrees C), Ang II plus 2% NaCl diet, Ang II plus cold exposure, cold exposure plus 2% NaCl diet, and Ang II plus 2% NaCl diet plus cold exposure (triple treatment). For each group, the duration of treatment was 12 weeks. Morphometric measurements of maximally dilated, in situ fixed, second-order (250 to 320 microm OD), intermediate-size (100 to 150 microm OD), and small (50 to 100 microm OD) mesenteric arteries were performed, and wall-to-lumen ratios (W/L) were calculated. During the 12-week study, the blood pressure (BP) load (the area under the systolic BP curve) of rats receiving the combined treatment of Ang II and 2% NaCl diet was increased (P:<0.05), and that of rats receiving the combined treatment of cold exposure and 2% NaCl diet was decreased (P:<0.05); there were no BP changes in the remaining groups of rats. The most pronounced changes among groups occurred in W/L of small resistance arteries. The W/L of small arteries increased in Ang II-treated (P:<0.01) and in cold-stressed rats (P:<0.01). The effect of Ang II was potentiated by the addition of a 2% NaCl diet. In contrast, the addition of 2% NaCl diet to cold stress reduced the W/L of small arteries (P:<0.01). No other positive or negative synergism occurred among groups, including the rats receiving triple treatment. The findings confirm the potentiation of the hypertensinogenic and vascular trophic effects of Ang II by a high-sodium diet but do not provide evidence for synergism between Ang II and sympathetic stimulation. The finding of hypotension and reduced W/L of small resistance arteries in rats receiving the combined treatment of cold stress and high-sodium diet is unique because there are few known nonpharmacological vascular "hypotrophic" stimuli. The ultimate test of the hypertensinogenic potential of pressor stimuli alone or in combination is their long-term administration in physiologically meaningful doses to experimental animals.